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TEXTILE-BASED PROSTHESIS FOR
TREATMENT OF INGUINAL HERNIA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/860,743 filed Sep. 22, 20135, which claims
benelit of and priority to European Patent Application Serial
No. 14306520.9 filed Sep. 29, 2014, the disclosure of the

above-identified application 1s hereby incorporated by ret-
erence 1n 1ts entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a prosthesis comprising a
biocompatible textile and a remnforcing element of said

textile, the prosthesis being intended to be used for repair of
inguinal hernias.

BRIEF SUMMARY OF THE INVENTION

In this application, the “medial” end or part of an element
of a prosthesis 1s to be understood as meamng the end or part
of the element located in the direction of the median plane
of the body when the prosthesis 1s implanted 1n the body.
The “lateral” end or part of an element of a prosthesis 1s to
be understood as meaning the end or part of the element
located 1n the direction of the outwards lateral plane of the
body when the prosthesis 1s implanted in the body. Likewise,
in this application, the “medial direction” 1s to be understood
as meanming the direction towards said median plane and the
“lateral direction” 1s opposite the “medial direction”, the
medial and lateral directions being aligned on the same axis,
the medial-lateral axis. In this application, the “cranial” end
or part of an element of a prosthesis 1s to be understood as
meaning the end or part of the element located substantially
in the direction of the head of the body when the prosthesis
1s 1mplanted 1n the body. The “caudal” end or part of an
clement of a prosthesis 1s to be understood as meaning the
end or part of the element located 1n the direction of the feet
of the body when the prosthesis 1s implanted 1n the body.
Likewise, 1n this application, the “cranial direction” 1s to be
understood as meaning the direction towards said head and
the “caudal direction” 1s opposite the “cranial direction™, the
cranmial and caudal directions being aligned on the same axis,
the cranial-caudal axis.

The abdominal wall 1n humans 1s composed of fat and
muscles interconnected by fascias. It sometimes happens
that a break 1n continuity occurs in the fascias, allowing part
ol the peritoneum to slip through and form a sac, or a hernia,
contaiming either fat or part of the intestines. Hernias or
incisional hernias (a hermia occurring through a parietal
surgical scar) show themselves 1n the form of a bulge at the
surface of the skin and are classed, for example, as umbilical
or inguinal hernas, depending on where they are located.

Wall reinforcement prostheses, for example for the
abdominal wall, are widely used 1n surgery. These prosthe-
ses are intended to treat hernias by temporarily or perma-
nently filling a tissue defect. These prostheses are generally
made from a biocompatible prosthetic textile and can have
a number of shapes, for example rectangular, circular or
oval, depending on the anatomical structure to which they
are to adapt.

When an 1nguinal hernia 1s to be treated, 1t 1s of particular
importance to take into account the anatomy of the inguinal
region, 1n particular the presence of the iliac vessels. In
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addition, when the patient 1s a man, the spermatic cord needs
to be taken into account while positioning the prosthesis.
The shape of a prosthesis intended to be used for treating an
inguinal hernia will be dependent on the side (right or left)
of the body that 1s to be treated. In this view, the shape of a
prosthesis for treating an inguinal hernia may be defined in
relation with the position of the prosthesis once implanted in
the body of a patient. For example, 1n an implanted con-
figuration, a prosthesis for treating an inguinal hernia com-
prises a medial part, a lateral part, a caudal part, and a cranial
part as defined above. A prosthesis intended to be used in the
treatment of an ingunal hermia will generally have an
clongate shape with a longitudinal axis substantially aligned
on the medial-lateral axis of the body.

When repair of a herma 1n the inguinal region i1s per-
formed by pre-peritoneal placement of a prosthesis within an
open surgical procedure, for example according to a transin-
guinal preperitoneal (TIPP) procedure, it 1s important to be
able to locate, and to cover with the prosthesis, certain
anatomical elements of the anterior wall of the abdomen,
which elements may be described as follows, from the mnside
outwards, that 1s to say towards the outside of the body, and
for the right-hand side of the body with reference to FIG. 1:

to the inside, the anterior retro-parietal space 1s limited
towards the front by the rectus abdominis muscles 16,
towards the rear by the peritoneum (not shown), and under-
neath by the upper margin of the os pubis 17;

the middle part 1s limited towards the front by the fascia
transversalis (not shown), and the conjoint tendon, with the
1li1ac vessels 11 below, and with the transverse muscle 18
above;

in the outer part, towards the front there 1s the internal
orifice 19 of the inguinal canal with the elements of the
spermatic cord (spermatic vessels and ductus deferens), with
the psoas muscle 12 below, and with the transverse muscle
18 above.

The peritoneum 1s not shown 1 FIG. 1: 1t 15 situated
between FIG. 1 and the person looking at FIG. 1. For
example, an indirect inguinal hernia 1s a swelling of the
groin caused when a portion of the peritoneum, possibly
containing abdominal viscera, passes through the orifice 19
of the inguinal canal. It 1s necessary to protect this orifice 19
and to push the peritoneum, and possibly the abdominal
viscera, back in the direction of the abdominal cavity, and
place a barrier, namely a prosthesis, between the peritoneum
and the orifice 19 of the inguinal canal. In other types of
inguinal hernias, such as the femoral hernia or the direct
hernia, the biological tissues to be protected are the 1lliac
vessels 11 or the spermatic cord 20.

It will be noted 1n FIG. 1 that the elements described
above are not all 1n the same spatial plane, but instead are
arranged 1n an oblique arrangement from the top downwards
and from the outside inwards. In the case of an inguinal
hernia, the prosthesis implanted after reduction of the herma
must ensure satisfactory covering by adapting to the con-
tours of the region and by respecting the obliqueness of the
inguinal space, 1I possible without leaving any empty
spaces.

When operating by open surgery, the surgeon has to bring
the prosthesis into this inguinal region from an incision
performed 1n the abdominal skin and the muscles and then
place the prosthesis correctly with respect to all the elements
described above. In order to minimize the trauma subse-
quent to any surgical intervention, the incision must be as
small as possible, for example 4 cm long, or better only 3 cm
long.
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Moreover, because of the obliqueness of the inguinal
region and the restricted deployment space, it can prove
complicated to deploy the prosthesis and then orient 1t
suitably with respect to the orifice of the inguinal canal or to
the other organs to be protected, such as the 1lliac vessels or
the spermatic cord. Moreover because of the specific loca-
tion ol the inguinal region beyond the muscles, 1n other
words far from the incision 1n the abdominal skin, the
surgeon has hardly any visibility at the implantation site.

The eflectiveness of the prosthesis, hence the ability to
mimmize the risks of recurrence, depends to a large extent
on how well the prosthesis 1s correctly spread out against the
biological tissues of the inguinal region. In the present
application, “biological tissues of the inguinal region™ are
understood as the biological tissues of the organs or ele-
ments of the inguinal region that are shown in FIG. 1 and
that are mtended to be protected from the peritoneum with
a view 1o repairing the hernia, and in particular the anterior
muscle wall, the orifice of the inguinal canal, the upper part
of the os pubis and of Cooper’s ligament, the iliac and
spermatic vessels, and part of the psoas muscle.

Indeed, prostheses based on a textile are generally flex-
ible. In order to introduce them into the abdominal incision,
they are often folded up to reduce their volume. They
therefore tend to form creases when introduced at the
implantation site. This phenomenon may even be amplified
when the prosthesis 1s not intended to remain permanently in
the body of the patient and 1s therefore based on a biore-
sorbable textile. Indeed, bioresorbable textiles may be made
from low density meshes or kmit designs. The possible low
density of bioresorbable textiles puts further pressure on
such textiles’ inherent ability to spread themselves out 1n an
implantation site. The spreading out of textile based pros-
thesis, 1n particular of bioresorbable prosthesis, 1s therefore
of key importance but can prove diflicult, particularly when
the 1ncision completed on the skin of the patient 1s small and
offers the surgeon poor space and visibility to manipulate
and position the prosthesis.

There 1s therefore still the need for a prosthesis for repair
of inguinal hernias that 1s based on a biocompatible textile,
that 1s able, 1n a first configuration, to occupy a small volume
so as to facilitate 1ts itroduction mnto the inguinal space
through a small incision, and which can then be easily
deployed, spread out and pressed flat against the biological
tissues ol the inguinal region, such that the surgeon 1s
assured of the optimal positioning of the prosthesis.

The present mvention aims to meet such a need.

A first aspect of the invention concerns a prosthesis for the
repair of an inguinal hernia, of generally elongate shape
defining a longitudinal axis A aligned on a medial-lateral
axis and a transversal axis B aligned on a cranial-caudal axis
comprising;

at least one flexible biocompatible textile of elongate
shape comprising a medial end, a lateral end, a cramal part
and a caudal part, said textile being delimited by a peripheral
outer edge formed of a convex medial edge, a convex cranial
edge, a convex lateral edge and a caudal edge, and

at least one reinforcing element for said textile, said
reinforcing element being in the form of a resilient frame
connected to said textile and set back from the peripheral
outer edge,

characterized 1n that said frame comprises a convex
cranial segment extending from the medial end of the textile
to the lateral end of said textile along said convex cranial
edge, a caudal segment substantially extending from the
medial end of the textile to the lateral end of said textile and
caudally spaced with respect to said convex cranial segment,
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a lateral corner segment joining together the convex cranial
segment and the caudal segment in the region of the lateral
end of the textile, and a folding segment configured for
joming a medial end of said convex cranial segment to a
point located on the caudal segment while leaving the region
of the medial end of the textile free of any frame,

said frame being able to adopt an unstressed configura-
tion, 1n which said textile 1s deployed, and a stressed
configuration, in which said frame is subjected to a trans-
versal force directed towards said longitudinal axis A, and
said convex cranial segment, said caudal segment and said
folding segment are substantially collected together and
aligned on one folding direction, said textile forming
thereby at least one fold along said folding direction.

In the prosthesis of the imnvention, the cranmial part of the
textile 1s mtended to be placed facing the anterior muscle
wall, the orifice of the mnguinal canal, the upper part of the
os pubis and Cooper’s ligament, and the caudal part of the
textile 1s intended to be placed facing the 1liac and spermatic
vessels and part of the psoas muscle. The medial end of the
textile 1s oriented 1n the direction of the os pubis. The
prosthesis of the invention 1s therefore adapted for the
treatment of various types of inguinal hernias, such as direct
inguinal hernia, femoral inguinal hernia and indirect ingui-
nal hernia.

As has been seen above, the specific nature of the inguinal
region, which 1s not symmetrical, means that the orientation
of the prosthesis 1s imperative during implantation. This 1s
because the cranial part of the prosthesis often has a larger
surface than the caudal part. It 1s therefore imperative that
the cranial part of the prosthesis 1s correctly positioned
facing the anterior muscle wall, the orifice of the inguinal
canal, the upper part of the os pubis and Cooper’s ligament,
and that the caudal part of the prosthesis 1s correctly posi-
tioned facing the 1liac and spermatic vessels and part of the
psoas muscle. In this view, only one face of the prosthesis 1s
intended to be placed facing the the biological tissues of the
inguinal region, while the opposite face 1s intended to be
placed facing the peritoneum.

The prosthesis according to the invention 1s able to be
folded up along at least one folding direction 1n a very
simple way, for example by pressing the frame together, 1n
one hand, transversally in the direction of the longitudinal
axis of the prosthesis. Thus, the prosthesis 1s capable of
adopting an elongate configuration, which 1s very compact
in the transversal direction, allowing it to pass easily through
an 1ncision of very small size, such as an incision of 3 cm
long, without the aid of additional tools. The frame 1is
sufliciently resilient to allow the prosthesis to be folded 1n
order to enter the incision. When 1t emerges from the
incision, the prosthesis tends to spread out automatically
under the action of the frame, which tends to recover its
initial configuration 1n the absence of the stresses from the
walls of the incision. The prosthesis 1s capable of conform-
ing to the anatomical structures and of remaining 1n place
once 1t 1s positioned at the implantation site.

According to the present invention, “textile” 1s under-
stood as any arrangement or assembly of biocompatible
yarns, fibres, fillaments and/or multifilaments, for example
obtained by knitting, weaving, braiding, or non-woven.

In the present application, “biocompatible™ i1s understood
as meaning that the matenials having this property can be
implanted in the human or animal body.

Within the meaning of the present application, a “flexible
textile” 1s understood as a textile that can be folded up but
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that does not have an inherent elasticity allowing it to
spontaneously recover a spread-out configuration once 1t has
been folded up.

Within the meaning of the present application, a “resilient
frame” 1s understood as a frame which, for example, can be
semi-r1gid and has a resiliency or elasticity allowing 1t to be
deformed under the effect of a temporary stress and allowing
it to return to an 1nitial state of rest once said stress has been
removed. According to the present mvention, the frame
allows the textile, and therefore the prosthesis, to be pressed
together in the transversal direction towards the longitudinal
axis of the textile.

This step of pressing together 1s made easier by the
specific shape of the frame. The respective shapes of the
convex cranial segment, the caudal segment and the folding
segment allow these segments to be able to converge
together and to be aligned on one folding direction when a
transversal pressure 1s exerted on the frame. The absence of
any frame structure in the region of the medial end of the
textile allows the convex cranial segment and the caudal
segment to be brought close together, for example side by
side or alternatively one on the top of the other, at the time
of the folding of the prosthesis. The transversal volume
occupied by the prosthesis i1s therefore reduced, making 1t
casier to introduce the prosthesis into the incision performed
by the surgeon, 1n the direction of the longitudinal axis of the
prosthesis. As will appear from the description below, the
prosthesis may further comprise a deploying element 1n this
same region of the medial end of the textile, such deploying
clement being preferably separate from the frame, such
deploying element helping drawing away the convex cranial
segment from the caudal segment at the time the prosthesis
1s being deployed, such deploying element therefore further
contributing to confirm to the surgeon that the prosthesis 1s
correctly spread out.

The materials that may be suitable for producing the
frame of the prosthesis according to the invention may be
chosen from any biocompatible material having a certain
rigidity and a certain resilience 1n order to meet the require-
ments described above.

In one embodiment, the frame 1s made of a bioresorbable
matenal. In the present application, “bioresorbable’ or “bio-
degradable” 1s understood to mean that the materials having
this property are absorbed and/or degraded by the tissues or
washed from the implantation site and disappear 1 vivo
alter a certain time, which may vary, for example, from a
few hours to a few months, depending on the chemical
nature of the materials.

Thus, the frame may act as a guide for the prosthesis for
introducing said prosthesis into a small incision, then may
act as a means of stilening the prosthesis during the
positioning and implanting of the prosthesis 1 order to
ensure a good deployment of the prosthesis, after which 1t
may gradually degrade when the textile has been recolo-
nized by the surrounding cells.

For example, the bioresorbable material can be chosen
from among polylactic acid (PLA), polycaprolactones
(PCL), polydioxanones (PDQO), trimethylene carbonates
(TMC), polyvinyl alcohol (PVA), polyhydroxyalkanoates
(PHA), oxidized cellulose, polyglycolic acid (PGA), copo-
lymers of these materials and mixtures thereof. For example,
the bioresorbable material can be a copolymer of polylactic
acid and of polyglycolic acid.

Alternatively, the frame of the prosthesis according to the
invention 1s made ol a non-bioresorbable material chosen
from among polypropylenes, polyesters such as polyethyl-
eneterephthalates, polyamides, silicones, polyether ether
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ketone (PEEK), polyether ketone ketone (PEKK), polyary-
lether ether ketone (PAEK), polyurethanes and mixtures
thereof.

In another embodiment, said frame 1s formed by a com-
bination of bioresorbable material and of non-bioresorbable
material.

The frame of the prosthesis according to the invention 1s
substantially set back from the peripheral outer edge of the
textile. Thus the frame may have an outer perimeter lower
than that of the peripheral outer edge of the textile. In other
words, the peripheral outer edge of the textile can extend
beyond the frame by a certain distance which may vary,
depending on the location (medial, cranial, lateral or caudal)
of the contemplated edge. For example, this distance can be
greater than or equal to 1 mm. The frame will therefore
generally have smaller dimensions than those of the periph-
cral outer edge of the textile.

The shape of the frame makes 1t possible to easily press
together and/or fold the prosthesis and align 1t on the folding
direction, which may be aligned on longitudinal axis A. The
absence of any frame in the region of the medial end of the
textile allows the textile to be folded easily.

In the prosthesis of the invention, the caudal segment of
the frame may serve as a positiomng guide for the surgeon,
this caudal segment preferably having to be placed in the
inguinal region at the intersection of the parietal and vas-
cular planes to permit optimal positioning of the prosthesis.
In one embodiment of the invention, said caudal segment
may form a fold of the textile, said fold causing said caudal
part of said textile to form naturally an angle to the plane of
said cramal part of said textile. Thus, the caudal segment
may give the textile a three-dimensional shape, similar to the
anatomy of the inguinal region, by forming a fold in the
textile, 1n such a way that the caudal part of the textile tend
naturally to form an angle with the cranial part of said
textile, this angle corresponding to the angle formed ana-
tomically by the intersection of the parietal and vascular
planes.

In embodiments, said caudal segment 1s concave. Such a
shape allows an easy pressing of the frame and therefore of
the prosthesis, and a significant reduction of the volume
occupied by the prosthesis 1n the transversal direction. In
addition, the concavity of the caudal segment confers to the
caudal part of the textile an undulated and anatomical
developed shape for matching the general shape of the lower
inguinal structures, especially the spermatic and 1liac vessels
and the psoas muscle.

In embodiments, the folding segment joins the medial end
of said convex cranial segment to a medial end of the caudal
segment. For example, the folding segment has a U shape
extending towards a center of the textile. In such embodi-
ments, when pressing the frame transversally, the two legs of
the U of the folding segment converge together with the
convex cranial segment and the caudal segment, allowing a
significant reduction of the volume occupied by the pros-
thesis 1n the transversal direction.

In one embodiment, said frame 1s continuous. Thus, the
step of pressing the prosthesis together, by pressing the
frame together towards the longitudinal axis of the prosthe-
s1s, does not create any projecting elements that could
potentially perforate and damage the tissues. By virtue of its
nature and its shape, the frame only has rounded and
atraumatic outer contours.

In embodiments, at least a part of said frame, for example
at least a part of the caudal segment, has substantially the
structure of a flat band forming undulations substantially 1n
the plane of said textile. Such undulations allow a good
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conformability of the prosthesis in general, and a good
flexibility to the caudal segment 1n particular at the inter-
section of the parietal and vascular planes. Such undulations
can expand and contract to further confer a greater flexibility
to the frame. In addition, such undulations confer a good
resistance to folding to the prosthesis.

In embodiments, said frame further comprises a caudal
extension located on the caudal segment and extending 1n
the caudal direction toward the caudal edge of the textile.
The caudal extension helps deploying the caudal part of the
textile once the prosthesis 1s implanted. This caudal exten-
s10n helps spreading out the caudal part of the textile on the
biological tissues 1t 1s intended to cover, namely the 1liac and
spermatic vessels and part of the psoas muscle.

The frame of the prosthesis according to the mvention 1s
connected to said textile. For example, the frame can be
fixed to the textile by sewing, ultrasonic welding, or else by
adhesive bonding or moulding.

In one embodiment, the frame of the prosthesis according,
to the invention 1s moulded over the textile. Thus, the frame
1s connected to the textile by injection moulding of one or
more thermoplastic or thermosetting biocompatible materi-
als. For example, the mould of an 1njection-moulding
machine 1s equipped with an 1nsert gate in which the textile
1s held. One or more thermoplastic or thermosetting bio-
compatible materials are then heated to their melting point
and 1njected into the mould, the latter having one or more
channels of the shape desired for the frame. The holding of
the textile, the precision of the injection volume and the
choice of the 1njection parameters make 1t possible to obtain
a frame without matenial loss, without flash and with good
surface evenness. Such a method allows the frame to be
embedded in the textile 1n a particularly eflective and lasting
way.

In one embodiment, the frame 1s obtained by moulding a
copolymer of polylactic acid and of polyglycolic acid over
the textile.

In embodiments, the lateral corner segment 1s linked to
the convex cranial segment and to the caudal segment via
two respective hinge points allowing the lateral region of the
textile to be folded onto the remaining part of the textile.
Such embodiments allow reducing the volume occupied by
the prosthesis 1n the longitudinal direction before ntroduc-
tion of the prosthesis 1n the 1incision and to the implantation
site.

In embodiments, the prosthesis further comprises a
deploying element located 1n the region of the medial end of
the textile, for drawing away said convex cramal segment
from said caudal segment when said transversal force is
released and said textile 1s being deployed. The deploying
clement 1s preferably separate from the frame and may be
under the form of one or several teeth located between the
medial end of the convex cranial segment and the medial end
of the caudal segment. The deploying element helps restor-
ing the distance existing between the medial end of the
convex cranial segment and the medial end of caudal
segment when the prosthesis 1s 1n a spread out configuration.
The deploying element therefore contributes to confirming
to the surgeon that the prosthesis has been correctly
deployed. In particular, the deploying eclement may be
formed of the same material as that forming the frame. The
deploying element may also be bioresorbable or not. It may
be moulded on the textile.

In embodiments, the prosthesis further comprises a grasp-
ing element capable of cooperating with a part of a grasping
tool so as to temporarily couple said prosthesis to said tool.
The presence of a grasping element allows the prosthesis to
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be easily grasped by a part of a tool conventionally used in
surgery, for example one of the jaws of a pair of forceps.
Preferably, the grasping element 1s located 1n the region of
the medial end of the textile. Indeed, as will appear from the
description below, the prosthesis of the invention 1s intended
to be nserted 1n the abdominal incision via 1ts medial end.
The presence of a grasping element 1n the region of the
medial end of the textile allows the surgeon to couple the
prosthesis to the grasping tool while completing a global
distal movement of insertion of the prosthesis 1n the incision,
with the medial end of the prosthesis drawn forward by the
grasping tool and the lateral end of the prosthesis naturally
following the movement.

The grasping element may have any shape adapted for
receiving a part of a grasping tool, such as a jaw of a pair of
forceps 1n temporary engagement. For example, the grasping
clement 1s a loop or a hook. The grasping element may be
made of the same material as that of the frame. The grasping
clement may also be bioresorbable or not. It may be
moulded on the textile.

The textile of the prosthesis according to the invention has
a generally elongate shape, for example oval or elliptic. The
textile can have another initial shape and can then be cut to
such an elongate shape, 1n particular to a shape adapted to
the defect, for example the hermia defect of the inguinal
region, that 1s to be treated. In particular, the shape of the
textile of the prosthesis of the mmvention comprises a part
capable of efliciently covering the anterior muscle wall, the
orifice of the mguinal canal, the upper part of the os pubis
and Cooper’s ligament, and a part capable of covering
ciliciently the 1liac vessels and spermatic vessels and part of
the psoas muscle. The textile 1s delimited by a peripheral
outer edge formed of a convex medial edge, a convex cranial
edge, a convex lateral edge and a caudal edge. The caudal
edge may be flat or convex. Preferably, the caudal edge is
convex 1n order to optimize the covering of the iliac vessels
and spermatic vessels and part of the psoas muscle. As such,
the general shape of the peripheral outer edge 1s preferably
convex.

The textile may be bioresorbable, permanent or partially
bioresorbable. In embodiments, the textile 1s bioresorbable.
Bioresorbable textiles may be made from low density
meshes or knit designs. In embodiments, for example when
the prosthesis 1s not intended to remain permanently in the
body of a patient, both the frame and the textile are biore-
sorbable. For example, the frame 1s bioresorbable 1n a time
frame comparable to the textile. The shape and nature of the
frame of the prosthesis of the invention allow providing a
prosthesis based on a low density bioresorbable textile
capable of offering suflicient strength for performing its
repair function and suflicient rigidity for being efliciently
mampulated while at the same time limiting the amount of
foreign material implanted.

In one embodiment, the textile 1s a mesh.

Within the meaning of the present application, a “mesh”
1s understood as a textile, as defined above, which 1s
openworked, that 1s to say provided with pores that favour
recolonization of tissue. It 1s sutliciently flexible to be folded
up at the time of introduction nto the abdominal cavity. The
mesh can be made from a layer of textile or several layers
of textile. Such meshes are well known to a person skilled
in the art.

In one embodiment of the invention, the mesh 1s a knit. By
virtue of the meshwork of the knit, 1t 1s possible to obtain
openworked faces that promote cell recolonization after
implantation. The knit can be two-dimensional or three-
dimensional.
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Within the meaning of the present application, a two-
dimensional knit 1s understood as a knit having two opposite
faces linked to each other by meshes but devoid of a spacer
grving it a certain thickness: such a knit can be obtained, for
example, by knitting yarns on a warp knitting machine or
raschel knitting machine using two guide bars. Examples of
knitting two-dimensional knits suitable for the present
invention are given in the document W(0O2009/071998.

According to the present application, a three-dimensional
knit 1s understood as a knit having two opposite faces linked
to each other by a spacer that gives the knit a significant
thickness, said spacer itself being formed from additional
linking yarns 1n addition to the yarns forming the two faces
of the knit. Such a knit can be obtained, for example, on a
double-bed warp knitting or raschel knitting machine using
several guide bars. Examples of knitting three-dimensional
knits suitable for the present invention are given in the
documents W0O99/05990, W0O2009/031035 and WO2009/
071998.

In embodiments of the invention, one face of the textile
may be covered by a non-stick coating. Such a non-stick
coating makes it possible in particular to avoid the formation
of undesired and serious post-surgical fibrous adhesions.
Within the meaning of the present application, “non-stick™ 1s
understood as a smooth and non-porous biocompatible
material or coating that does not ofler space for cell recolo-
nization and that preferably promotes the growth of perito-
neum.

Another aspect of the present invention 1s a method by
which a prosthesis as described above 1s conveyed to an
implantation site of the inguinal region during an open
surgery procedure, said method comprising the following
steps:

an 1ncision of size ranging from 3 to 4 cm 1s completed on
the abdominal skin,

the above prosthesis 1s pressed together and/or folded
upon 1tself, by applying a transversal pressure on the frame,
so that said textile forms a fold along the folding direction,
and said convex cranial segment, said caudal segment and
said folding segment are substantially collected together, for
example side by side or one on top of the other, and aligned
on one folding direction,

the medial end of the prosthesis 1s approached towards the
incision, optionally by temporarily coupling the prosthesis
with a grasping tool when a grasping element 1s present, and
the folded prosthesis 1s tully introduced 1n the incision and
conveyed to the implantation site in the inguinal region,

the pressure exerted on the frame 1s released and the
prosthesis 1s automatically deployed by means of the frame
coming back to 1ts unstressed configuration, and optionally
with the help of the deploying element and/or of the caudal
extension of the frame, and/or with the surgeon’s finger.

The prosthesis 1s fitted 1n place facing the surrounding
biological tissues, by positioning the cramial part of the
textile facing the anterior muscle wall, the orifice of the
inguinal canal, the upper part of the os pubis and Cooper’s
ligament, and the caudal part of the textile facing the 1liac
and spermatic vessels and part of the psoas muscle, 1f
appropriate with the aid of the caudal segment, by placing
the latter at the intersection of the parietal and vascular
planes.

The automatic return of the frame to its 1mitial configu-
ration contributes to an initial deployment of the prosthesis
at the implantation site. Because of the restricted space and
visibility at the implantation site, the surgeon may further
need to finalize the deployment of the prosthesis with his
fingers and/or with the deploying element and caudal exten-
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sion when present. Indeed, when operating in the inguinal
region via an open surgery procedure, the surgeon 1s unable
to see the implantation site with his eyes. He can only feel
the surrounding biological tissues by touching them with his
fingers. In this context, the presence and shape of the frame
helps the surgeon feel and evaluate the geometry of the
prosthesis with his fingers and further helps him determine
the best position of the prosthesis with respect to the
surrounding organs for a most etlicient spreading-out of the
latter at the implantation site. In embodiments where the
lateral corner segment 1s linked to the convex cramal seg-
ment and to the caudal segment via two respective hinge
points, the lateral region of the textile 1s folded onto the
remaining part of the textile before the step of mtroducing,
the prosthesis into the incision. In such a case, the global
volume occupied by the prosthesis at the time 1t 1s 1ntro-
duced 1n the 1ncision 1s greatly reduced. Indeed, this volume
1s first reduced 1n the transversal direction because of said
convex cranial segment, said caudal segment and said fold-
ing segment being substantially collected together aligned
on on¢ folding direction. In addition, this volume 1s also
reduced 1n the longitudinal direction because the the lateral
region of the textile 1s folded onto the remaining part of the
textile.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages of the present mvention will become
clearer from the following detailed description and from the
attached drawings 1in which:

FIG. 1 15 a perspective view of the inguinal region on the
right-hand side of a human body,

FIG. 2 1s a top view of a first embodiment of the prosthesis
of the invention,

FIG. 3 1s a top view of a second embodiment of the
prosthesis of the mvention,

FIG. 4 1s a top view of a third embodiment of the
prosthesis of the mvention,

FIG. 5 1s a top view of a fourth embodiment of the
prosthesis of the mvention,

FIG. 6 1s a top view of the prosthesis of FIG. 4 1n a
compressed configuration,

FIG. 7 1s a top view of another embodiment of the frame
of the prosthesis of the invention,

FIG. 8 1s a top view of another embodiment of the frame
of the prosthesis of the invention,

FIG. 9 1s a perspective view of the prosthesis of FIG. 4
once implanted and positioned with respect to the anatomi-
cal elements of the extraperitoneal inguinal region, on the
right-hand side of a human body, seen from the nside
outwards, that 1s to say towards the outside of the body.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

FIGS. 2-5 show embodiments of a prosthesis 1 according,
to the invention. The prostheses 1 of these figures all
comprise a biocompatible textile 2 and a reinforcing element
in the form of a frame 3.

As will be clear from FIGS. 2-5, the textile 2 has a
generally elongate shape, similar to an oval or egg shape,
defining a longitudinal axis A and a transversal axis B. With
reference to FIG. 9, in an implanted configuration of the
prosthesis 1 of FIG. 4, the longitudinal axis A 1s aligned on
the medial-lateral axis of a human body and the transversal
axis B 1s aligned on the cranial-caudal axis of a human body.
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The textile 2 1s thus delimited by a peripheral outer edge
4. The textile 2 comprises a medial end 2a, a lateral end 25,
a cranial part 2¢ and a caudal part 24. With reference to
FIGS. 2 and 3, the peripheral outer edge 4 1s formed of a
convex medial edge 4a, a convex cranial edge 4¢, a convex
lateral edge 46 and a rather flat caudal edge 4d. With
reference to FIGS. 3 and 4, the peripheral outer edge 4 1s
formed of a convex medial edge 4a, a convex cranial edge
dc, a convex lateral edge 46 and a convex caudal edge 44,
and 1s therefore globally convex.

In the examples shown, the textile 2 has the general shape
of the section of an egg by a longitudinal plane. Such a shape
1s particularly suitable for the repair of an inguinal herma. In
particular, as appears from FIG. 9, the cramal part 2¢ of the
textile 2 1s designed and shaped so as to efliciently cover the
anterior muscle wall (16, 18), the upper part of the os pubis
17 and Cooper’s ligament 21, while the caudal part 24 of the
textile 2 1s designed and shaped so as to cover efliciently the
iliac vessels 11 and spermatic vessels 20 and part of the
psoas muscle. In this view, the cramal part 2¢ 1s generally
larger than the caudal part 2d. In addition, the medial end 2a
has a rounded configuration that makes 1t capable of over-
lying and covering the orifice 19 of the inguinal canal. The
lateral end 2b has also a rounded configuration, but of
smaller size than the medial end 2a, as 1t 1s located away
from the orifice 19 of the inguinal canal in an area where less
foreign material 1s needed and desired.

In other embodiments, the textile 2 could have a globally
oval or rectangular shape or could be protean 1t the shape 1n
question 1s generally elongate and 1s adapted to cover the
hernia defect 1n the inguinal region as explained above.

The textile 2 1s made up of an arrangement of biocom-
patible filaments, such as a knit, a woven or a nonwoven.
Preferably, as 1s shown 1n FIGS. 2-5, the textile 2 1s 1n the
form of a mesh, that 1s to say 1t has openings for better tissue
integration. For example, the textile 2 can be a two-dimen-
sional or three-dimensional knit. Such textiles in the form of
meshes or knits are well known to a person skilled 1n the art
and are not described 1n any greater detail here.

The textile 2 can be bioresorbable, permanent or partially
bioresorbable. As will become clear from the description
below, the textile 2 1s sufliciently flexible to be folded up, in
particular at the time of introduction of the prosthesis into
the abdominal 1ncision, along at least one folding direction.
In general, however, the textile 2 does not have an inherent
clasticity allowing 1t to spontaneously recover a spread-out
configuration once 1t has been folded up. The textile 2 can
be supplied 1 the form of a band, which one cuts to the
dimensions of the defect to be treated.

Referring again to FIGS. 2-5, and as will become clear on
reading the description below, the frame 3 acts as an element
reinforcing the textile 2 in order to stiflen the latter and keep
it 1n 1ts generally elongate shape, as a tool for guiding the
prosthesis 1 at the time of its introduction 1nto the abdominal
incision, and as a tool for assisting 1n the deployment of the
prosthesis 1 when the prosthesis 1 reaches the implantation
site. For this purpose, the frame 3 1s connected to the textile
2 and has an elasticity allowing 1t to be deformed under the
cllect of a temporary stress and allowing 1t to return to an
initial state of rest once said stress has been removed.

The frame 3 1s connected to the textile 2. It can be
attached to the textile 2 by means of a seam, or else by means
of an ultrasonic weld, by adhesive bonding, or by 1njection
moulding.

In one embodiment, the frame 3 1s connected to the textile
2 by 1njection moulding of one or more thermoplastic or
thermosetting biocompatible materials. Such an embodi-
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ment makes 1t possible to secure the fixing of the frame to
the textile 1 a particularly eflective manner and to produce
the prostheses according to the mmvention at an industrial
scale.

In the mjection moulding technique, a mould 1s formed 1n
which, for example, there 1s a cavity defining a contour
which corresponds to the contour of the frame that 1s to be
obtained. The textile 1s held 1n an insert gate of the mould.
The thermoplastic material used to produce the frame, for
example a copolymer of polylactic acid and of polyglycolic
acid, 1s heated and 1njected into the cavity using an 1injection
moulding machine.

After the ijection step, the mould 1s opened and the
prosthesis 1 1s withdrawn from the mould. Such a method
allows the textile to be “embedded” in the part moulded over
it. Thus, the frame 3, which 1s the overmoulded part, 1s
connected to the textile, without any risk of its coming loose
or fragmenting. The frame 3 1s slightly set back from the
peripheral convex outer edge 4.

With reference to FIGS. 2-5, the frame 3 comprises a first
segment which 1s a convex cranial segment 3¢ and which
extends from the medial end 2a of the textile 2 to the lateral
end 26 of the textile 2 substantially parallel to the convex
cramal edge 4c¢. The frame 3 further comprises a second
segment which 1s a caudal segment 34 substantially extend-
ing from the medial end 2a of the textile 2 to the lateral end
2b6 of the textile 2 and caudally spaced with respect to the
convex cranial segment 3¢. The frame 3 further comprises a
lateral corner segment 35 joining together the convex cranial
segment 3¢ and the caudal segment 34 1n the region of the
lateral end 26 of the textile 2.

Eventually, _ways with reference to FIGS. 2-5, the frame
3 comprises a last segment which 1s a folding segment 5
configured for joining a medial end of the convex cranial
segment 3¢ to a point 5q located on the caudal segment 34.
As appears from FIGS. 2-5, the frame 3 encompasses all
these segments, convex cranial segment 3¢, lateral corner
segment 35, caudal segment 34 and folding segment 3, 1n a
continuous way. The frame 3 1s therefore continuous. As also
appears from FIGS. 2-5, the shape of the frame 3 leaves the
region of the medial end 2a of the textile 2 free of any frame
structure.

More particularly, with reference to FIGS. 2 and 3, the
folding segment 5 1s a globally linear segment 6 joiming the
medial end of the convex cranial segment 3¢ to a point 3a
located in the lateral region of the caudal segment. With
reference to FIG. 5, the linear segment 6 1s under the form
of a flat band forming undulations.

With reference to FIGS. 3 and 4, the folding segment 5
joins the medial end of said convex cranial segment to a
medial end of the caudal segment and the folding segment

5 1s a U shaped body 7 extending towards a center of the
textile.

Thus, 1n the examples shown 1in FIGS. 2-5, the caudal
segment 34 and the folding segment (S, 6), or alternatively
the folding segment (S, 7) on its own, define a sort of mouth
of the frame 3 1n the medial end 2a of the textile 2. The
presence of this mouth allows an easy folding of the textile
2 and therefore of the prosthesis 1 when a pressure, such as
the force F shown on FIG. 6 1n relation with the prosthesis
1 of FIG. 4, 1s exerted on the frame 3. This pressure allows
reducing the volume occupied by the prosthesis 1 in the
transversal direction, as will be clear from comparison of
FIGS. 4 and 6 showing the same prosthesis 1 respectively 1n
its spread out configuration and 1n its compressed configu-
ration.
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In addition, because of the frame 3 being continuous, the

step of pressing the prosthesis 1 together, by pressing the
frame 3 together towards the longitudinal axis A of the
prosthesis 1, does not create any projecting elements that
could potentially perforate and damage the tissues. By virtue
of 1ts nature and its shape, the frame only has rounded and
atraumatic outer contours.
In particular, the frame 3 has a structure, 1 other words
a shape, and a nature, 1n other words a material, giving 1t an
clasticity such that 1t 1s able to adopt a first, unstressed
configuration in which the textile 2 and the prosthesis 1 are
deployed and spread out as shown 1n FIG. 2, and a second,
stressed configuration 1n which the frame 3 1s subjected to a
transversal force directed towards said longitudinal axis A
and the convex cranial segment 3¢, the caudal segment 3d
and the folding segment 5 are substantially collected
together and aligned on one folding direction, the textile 2
forming thereby at least one fold along the folding direction,
as shown on FIG. 6 1n relation with the prosthesis 1 of FIG.
4.

As shown on FIGS. 2-5, at least a part of the frame 3 has
substantially the structure of a flat band forming undulations
substantially 1n the plane of the textile 2. Such undulations
allow a good conformability of the prosthesis. Such undu-
lations further confer a spring behavior to the frame 3. In
addition, such undulations confer a good resistance to fold-
ing to the prosthesis 1.

As shown on FIGS. 2-4, the caudal segment 34 may be
concave. As appears from FIG. 9, the caudal segment 3d
may form the frontier between the cranial part 2¢ and the
caudal part 24 of the textile 2.

For example, the cranial part 2¢ 1s substantially planar and
large enough so as to cover the anterior muscle wall (16, 18),
the onifice 19 of the inguinal canal, the upper part of the os
pubis 17 and Cooper’s ligament 21. The concavity of the
caudal segment 34 confers to the caudal part 24 of the textile
2 an undulated and anatomical developed shape for match-
ing the general shape of the lower inguinal structures,
especially the spermatic and 1liac vessels and the psoas
muscle, as will be seen from FIG. 9. The concavity of the
caudal segment 3d gives the caudal part 24 a curved shape,
this caudal part 24 thus forming with the cranial part 2¢ an
angle corresponding to the angle formed by the parietal and
vascular planes at the intersection thereof in the inguinal
region of a human body. Thus, the cranial part 2¢ and the
caudal part 24 are asymmetrical, which means that a left-
hand prosthesis or right-hand prosthesis will be used
depending on which side the hernia to be treated 1s located.
As 1s shown 1 FIG. 9, the prosthesis 1 of FIG. 4 1s a
prosthesis for the repair of an inguinal hernia on the right-
hand side of a patient. A prosthesis suitable for the repair of
an mguinal hernia on the left-hand side of a patient would
have a shape the mirror image of the prosthesis 1 of FIG. 4.

With reference to FIGS. 3 and 4, the frame 3 further
comprises a caudal extension 8 located on the caudal seg-
ment 34 and extending 1n the caudal direction substantially
up to the caudal edge 4d of the textile 2. The caudal
extension 8 helps deploying the caudal part 24 of the textile
2 once the prosthesis 1 1s implanted, as shown on FIG. 9.
This caudal extension 8 helps spreading out the caudal part
2d of the textile on the biological tissues 1t 1s intended to
cover, namely the 1liac and spermatic vessels and part of the
psoas muscle.

With reference to FIGS. 7 and 8 are shown frames 3
suitable for the prosthesis of the invention and further
comprising a deploying element, such as a tooth 9 (FIG. 7)
or an arrow 10 (FIG. 8), located 1n the region of the medial
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end of the textile (not shown). The deploying element (9, 10)
serves for drawing away the convex cranial segment 3¢ from
the caudal segment 34 when the transversal force 1s released
and the textile 1s being deployed once the prosthesis has
reached the implantation site. More particularly, the deploy-
ing element (9, 10) 1s located in the inside of the mouth
defined by the folding segment 5 and optionally the caudal
segment 34 as described above, 1n order to restore the width
of said mouth 1n the process of redeployment of the pros-
thesis. The deploying element (9, 10) 1s preferably separate
from the frame 3 so that it does not impinge on the coming
closer together of the convex cranial segment 3¢ and of the
caudal segment 34 at the time of the folding of the prosthe-
s1s. The deploying element (9, 10) may be formed of the
same material as that forming the frame 3. The deploving
clement (9, 10) may also be bioresorbable or not. It may be
moulded on the textile.

With reference to FIG. 8, the lateral corner segment 35 1s
linked to the convex cranial segment 3¢ and to the caudal
segment 3d via two respective hinge points (30a, 30b).
These two hinge points (30a, 305) allow the lateral region of
the textile (not shown) to be folded onto the remaining part
of the textile. Such embodiments allow reducing the volume
occupied by the prosthesis in the longitudinal direction
betore introduction of the prosthesis 1 the incision and to
the implantation site.

With reference to FIG. 5, the prosthesis 1 further com-
prises a grasping element under the form of a loop 31 located
at the medial end of the caudal segment 34. The loop 31 1s
capable of cooperating with a part of a grasping tool, such
as a jaw of a pair of forceps (not shown) so as to temporarily
couple the prosthesis 1 to the tool. For example, the part of
the textile 2 located within the loop 31 may be cut so that the
distal end of the jaw traverses the textile 2 and grasps the
prosthesis 1. The presence of the loop 31 1n the region of the
medial end of the textile 2 allows the surgeon to couple the
prosthesis 1 to the grasping tool at the time he completes a
global distal movement for insertion of the prosthesis in the
abdominal incision, with the medial end of the prosthesis 1
drawn forward by the grasping tool and the lateral end of the
prosthesis naturally following the movement. Once the
prosthesis 1 1s conveyed to the implantation site, the surgeon
simply pulls proximally on the grasping tool which naturally
uncouples from the prosthesis 1. In other embodiments not
shown, the loop 31 could be replaced by a hook. The loop
31 may be made of the same material as that of the frame 3,
and may be bioresorbable or not. It may be moulded on the
textile 2.

The prosthesis of the mvention ensures that all of the
anatomical elements described above are covered, without
leaving empty spaces that could possibly cause a recurrence.
In particular, the region around the iliac and spermatic
vessels 1s particularly well protected. This therefore avoids
one of the main causes of secondary hernias, which can be
even more difficult to treat on account of the deterioration of
the anatomical structures that has been caused by the earlier
hernia.

The use and the implantation of the prosthesis according
to the invention will now be described with reference to the
treatment of an mguinal hernia on the right-hand side of a
patient by an open surgery procedure using the prosthesis 1
from FIGS. 4 and 6.

The perspective views 1n FIGS. 1 and 9 show, on the one
hand, the anatomical elements of the extraperitoneal ingui-
nal region on the right-hand side of a human body, seen from
the 1nside outwards, that 1s to say towards the outside of the
body as has been described above, and, on the other hand,
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a view of the positioning of the prosthesis according to the
present invention 1n relation to these elements once 1t has
been 1mplanted.

It can be clearly seen i FIG. 1 that the inguinal region 1s
particular 1n that the elements described above are not all in
the same spatial plane, but instead are arranged 1n an oblique
arrangement from the top downwards and from the outside
inwards. In the case of an inguinal hernia, the prosthesis
implanted after reduction of the hernia must ensure satis-
factory covering by adapting to the contours of the region
and by respecting the obliqueness of the inguinal space.

The surgeon 1s provided with a prosthesis 1 of FIG. 4. The
surgeon applies a transversal pressure on the frame 3 of the
prosthesis 1 as shown by arrows F on FIG. 6. Under this
pressure, the convex cranial segment, the caudal segment 3d
and the folding segment 5 are collected together, for
example side by side or one on top of the other(s), and
become aligned on a main direction, herein called the
tolding direction, which 1s the direction of the longitudinal
axis A on FIG. 6 1n the present example. In other embodi-
ments, the folding direction may differ slightly or substan-
tially from the direction defined by the longitudinal axis A.
As appears from FIG. 6, the volume occupied by the
prosthesis 1 1n 1ts compressed configuration in the transver-
sal direction 1s greatly reduced compared with the volume
occupied by the same prosthesis 1 1n 1ts spread out configu-
ration as shown on FIG. 4. For example, the prosthesis 1
may have a width of 10 cm measured along the transversal
direction 1n 1ts spread out configuration, and a width of only
2.5 cm measured along the transversal direction in 1ts
compressed configuration.

In embodiments where the lateral corner segment 1s
linked to the convex cranial segment and to the caudal
segment via two respective hinge points (see FIG. 8), the
lateral region of the textile 1s folded onto the remaining part
of the textile before the step of introducing the prosthesis
into the 1ncision. In such a case, the global volume occupied
by the prosthesis at the time 1t 1s introduced 1n the incision
1s greatly reduced. Indeed, this volume 1s first reduced 1n the
transversal direction because of said convex cramal seg-
ment, said caudal segment and said folding segment being

substantially collected together and aligned on one folding
direction. In addition, this volume 1s also reduced in the
longitudinal direction because the the lateral region of the
textile 1s folded onto the remaining part of the textile.
Once the prosthesis 1s folded 1n a compressed configura-
tion, the surgeon then approaches the medial end of the
prosthesis 1 towards an incision he has previously per-
formed 1n the abdominal skin of the patient and he 1ntro-
duces the folded prosthesis 1 1into said incision. Because the
volume of the prosthesis 1 1s reduced 1n 1ts compressed
configuration, the incision may show small dimensions,
such as 3 or 4 cm long. By virtue of 1ts elongate compact
shape, and the rigidity conferred on 1t by the presence of the
frame 3, the prosthesis 1 also easily enters the incision.
The surgeon pushes on the lateral end of the prosthesis 1
in the direction of the folding direction 1n order to deliver the
prosthesis to the implantation site 1n the inguinal region.
Once the prosthesis 1 1s at the implantation site, namely
in the inguinal region as described with reference to FIGS.
1 and 9, the prosthesis 1 automatically deploys under the
cllect of the frame 3 coming back to its initial shape. The
textile 2 and therefore the prosthesis 1 are perfectly
deployed and spread out. The prosthesis 1 1s then ready to be
positioned opposite a hernia defect to be treated, without any
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risk of folds forming 1n the textile 2. The risks of adherence
or insertion of surrounding organs in such folds are thus very
much limited.

The surgeon fits the prosthesis 1 in place facing the
surrounding biological tissues, by positioning the cranial
part 2¢ of the textile 2 facing the anterior muscle wall, the
orifice of the inguinal canal, the upper part of the os pubis
17 and Cooper’s ligament 21, and the caudal part 24 of the
textile facing the 1liac and spermatic vessels 11 and part of
the psoas muscle, 1f appropriate with the aid of the caudal
segment 3d, for example by placing the latter at the inter-
section of the parietal and vascular planes. As explained
above, the surgeon finalizes the correct spreading-out and
positioning of the prosthesis by feeling the frame with his
fingers and optionally with the help of the deploying element
and caudal extension when present.

When the prosthesis 1 1s implanted as shown on FIG. 9,

the cranmial part 2¢ rests on the anterior muscle wall (espe-
cially the rectus abdominis muscle 16 and transverse muscle
18), the upper end of the os pubis and part of Cooper’s
ligament 21. The caudal part 24 conforms almost com-
pletely, without leaving any appreciable spaces, to the 1liac
and spermatic vessels 11 and the psoas muscle 12, and the
caudal segment 34 1s placed at the intersection of the parietal
and vascular planes. The ductus detferens 20 1s also covered
and therefore protected.
The prosthesis 1 according to the invention remains in
place by 1tself, particularly on account of its three-dimen-
sional shape, since the caudal segment 34 takes up a position
at the intersection of the parietal and vascular planes. This
allows the prosthesis 1 to follow the changes in the relative
position of the various anatomical elements of the inguinal
region, which changes result from the normal movement of
the abdominal muscles of the subject, but without 1ts moving
away from the implantation region.

The prosthesis according to the mmvention can thus be
casily introduced into a small incision, for example an
incision of 3 or 4 cm long, without requiring the help of an
additional tool. By virtue of 1ts nature and its structure, the
frame of the prosthesis according to the invention acts as a
reinforcing element for the textile and stiflens the prosthesis,
as an element for guiding and transporting the prosthesis
into an incision of particularly small diameter, and also as a
tool for assisting in the automatic and perfect spreading-out
ol the prosthesis at the moment when the prosthese reaches
the implantation site.

What 1s claimed 1s:

1. A prosthesis for the repair of an inguinal hernia, of
generally elongate shape defining a longitudinal axis aligned
on a medial-lateral axis and a transversal axis aligned on a
cramal-caudal axis comprising:

at least one flexible biocompatible textile of elongate

shape comprising a medial end, a lateral end, a cranial
part and a caudal part, the textile delimited by a
peripheral outer edge formed of a convex medial edge,
a convex cranial edge, a convex lateral edge and a
caudal edge, and,

at least one reinforcing element for the textile, the rein-

forcing element in the form of a resilient frame con-
nected to the textile and set back from the peripheral
outer edge, wherein the frame comprises a convex
cranial segment extending from the medial end of the
textile to the lateral end of the textile along the convex
cranial edge, a caudal segment substantially extending
from the medial end of the textile to the

lateral end of the textile and caudally spaced with respect

to the convex cranial segment, a lateral corner segment
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joiming together the convex cramal segment and the
caudal segment 1n the lateral end of the textile, a
folding segment configured for joiming a medial end of
the convex cranial segment to a point located on the
caudal segment while leaving a region of the medial
end of the textile free of any frame, and a caudal
extension located on the caudal segment and extending
in a caudal direction toward the caudal edge of the
textile.

2. The prosthesis of claim 1, wherein the frame 1s con-
figured to adopt an unstressed configuration, 1n which the
textile 1s deployed, and a stressed configuration, in which the
frame 1s subjected to a transversal force directed towards the
longitudinal axis and the convex cramal segment, the caudal
segment and the folding segment are substantially collected
together and aligned on one folding direction, the textile
forming thereby at least one fold along the folding direction.

3. The prosthesis according to claim 2, wherein the lateral
corner segment 1s linked to the convex cranial segment and
to the caudal segment via two respective hinge points
allowing the lateral region of the textile to be folded onto the
remaining part of the textile.

4. The prosthesis according to claim 2, further comprising,
a deploying element located in a region of the medial end of
the textile, for drawing away the convex cranial segment
from the caudal segment when the transversal force 1is
released and the textile 1s being deployed.

5. The prosthesis according to claim 4, wherein the

deploying element 1s located inside a mouth defined by the
folding segment and optionally the caudal segment.

6. The prosthesis according to claim 35, wherein the
deploying element located inside the mouth 1s a tooth
separate from the frame.

7. The prosthesis according to claim 5, wherein the
deploying element located inside the mouth 1s an arrow
separate from the frame.

8. The prosthesis according to claim 1, wherein the caudal
extension includes undulations.

9. The prosthesis according to claim 1, wherein the caudal
segment 1S concave.

10. The prosthesis according to claim 1, wherein the
folding segment joins the medial end of the convex cranial
segment to a medial end of the caudal segment.

11. The prosthesis according to claim 1, wherein the
folding segment has a U shape extending towards a center of
the textile.

12. The prosthesis according to claim 1, wherein the
frame 1s continuous.

13. The prosthesis according to claim 1, wherein at least
a part of the caudal segment has substantially the structure

of a flat band forming undulations substantially 1n the plane
of the textile.
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14. The prosthesis according to claim 1, wherein the
reinforcing element 1s molded over the textile.

15. The prosthesis according to claim 1, wherein the
reinforcing element 1s made of bioresorbable materal.

16. The prosthesis according to claim 1, 1n which the
textile 1s a mesh.

17. The prosthesis according to claim 1, further compris-
ing a grasping element capable of cooperating with a part of
a grasping tool so as to temporarily couple the prosthesis to
the tool.

18. The prosthesis according to claim 1, wherein the
textile 1s bioresorbable.

19. The prosthesis according to claim 1, wherein the
cramial part and the caudal part are asymmetrical.

20. The prosthesis according to claim 1, wherein the
caudal edge 1s convex.

21. The prosthesis according to claim 1, wherein the
caudal edge 1s {flat.

22. A prosthesis for the repair of an inguinal hernia, of
generally elongate shape defining a longitudinal axis aligned
on a medial-lateral axis and a transversal axis aligned on a
cranial-caudal axis comprising:

at least one flexible biocompatible textile of elongate

shape comprising a medial end, a lateral end, a cranial
part and a caudal part, the textile being delimited by a
peripheral outer edge formed of a convex medial edge,

a convex cranmial edge, a convex lateral edge and a
caudal edge, and,

at least one reinforcing element for the textile, the rein-
forcing element being in the form of a resilient frame
connected to the textile and set back from the periph-
cral outer edge, wherein the frame comprises a convex
cranial segment extending from the medial end of the
textile to the lateral end of the textile along the convex
cranial edge, a caudal segment substantially extending
from the medial end of the textile to the

lateral end of the textile and caudally spaced with respect
to the convex cranial segment, a lateral corner segment
joining together the convex cranial segment and the
caudal segment in the lateral end of the textile, a
folding segment configured for joining the convex
cranial segment to a first point located on the caudal
segment while leaving a region of the medial end of the
textile free of any frame, and a caudal extension located
on a second point of the caudal segment and extending
in a caudal direction toward the caudal edge of the
textile, the first point being medially spaced to the
second point of the caudal segment.
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